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INTRODUCTION 
Location 
Boone County is located in central Iowa in the south-central portion 
of the Des Moines Lobe Drift Sheet (Figure 1). Boone County is 24 miles on 
each side and has a total area of 576 square miles. The south-flowing 
Des Moines River bisects the county into an east-west portion; U.S. Highway 
30 bisects it into a north-south portion (Figure 2). Nine major towns 
occur in the county (Figure 2). Latitude, longitude, and township and 
range designations can be seen in Figure 3. The major population centers, 
U.S. Highway 30 and the Des Moines River, will be outlined on all of the 
inset base maps used for reference purposes. 
Introduction 
The Des Moines Lobe was a Late Wisconsinan extension of the Laurentide 
ice sheet originating in the Hudson Bay area (Flint, 1971; Sugden, 1977), 
which advanced southward through the Dakotas across south-central Minnesota 
and into central Iowa. The glacier advanced 135 miles into Iowa to termi¬ 
nate at the present location of the city of Des Moines at 14,000 RCYBP 
(Ruhe et al., 1957). Radiocarbon dates on wood, including trees rooted in 
place in the loess beneath the till of the Des Moines Lobe Drift Sheet, 
have provided good control on the chronology of the area (Ruhe et al., 
1957; Wright and Ruhe, 1965). 
The Des Moines Lobe created four end moraine complexes during its 
retreat and/or subsequent readvances within Iowa. From south to north they 
are called the Bemis, Altamont, Humboldt, and Algona (Figure 4). Renewed 
interest in the Pleistocene of Iowa has spurred new investigations, 
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Figure 2. Location of towns and cities in Boone County 
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ire 4. Location of end moraines on the Des Moines Lobe E 
with respect to Boone County (after Ruhe, 1969) 
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demonstrating that the Des Moines Lobe, a simple example of an advancing/ 
retreating glacier (Ruhe, 1952), had a more complex mode of deglaciation. 
It is this complexity that should compel us to reevaluate the history of 
deglaciation of the Des Moines Lobe and the boundaries once placed on the 
morainal areas. ■ ^ 
Boone County lends itself well to a study of glacial landforms because 
it includes portions of the Bemis and Altamont end moraines (Figure 5). 
The southern part of the county was mapped as the Bemis end moraine whereas 
the northern portion of the county was mapped as the Altamont end moraine 
by Ruhe (1952). A small area of ground moraine associated with the Bemis 
is located in the western part of the county. The presence of two classic 
end moraines and ground moraine within the county suggest that differences 
in landforms should occur within a short distance. 
Objectives of Study and Methodology 
The purpose of this study is to map and interpret the distribution of 
Late Wisconsinan glacial landforms and materials in Boone County, Iowa, so 
V ’ 
as to infer the glacial regimes at the time of deglaciation. The mapping 
utilized recent soil survey maps, aerial photographs, and topographic maps. 
The distribution of surficial materials was determined from the soils 
in Boone County, utilizing Parts I and II of the Advanced Soil Survey 
Report for Boone County (Soil Conservation Service, 1975). Soils were 
grouped into 11 categories on the basis of similar parent material. Soils 
on the field sheets (at a scale of 1:15,840 or 1 inch = 4 miles) were 
classified as to parent material, thus producing a surficial geologic map. 
7 
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Data from the field sheets were transferred onto 7.5 minute topographic 
maps. 
The second stage utilized aerial photographs to map the detailed land- 
form patterns. A set of photos flown in 1953 for the United States 
Department of Agriculture at a scale of 1:20,000 was used. Stereoscopic 
pairs were utilized to map linear ridge patterns, topographic breaks, 
stream dissected areas, and other landform patterns. Data were transferred 
onto the topographic maps containing the information on soil parent mate¬ 
rials. 
The local relief in the county was placed into five relief categories, 
as well as stream-dissected and stream-modified categories (Figure 6). 
Local relief was determined by measuring across the central one-quarter of 
each section. The relief areas were delineated on 7.5 minute topographic 
maps; the boundaries were drawn according to natural topographic breaks on 
the landscape. The nstream modified" class is used when stream activity is 
present in the form of minor drainageways but has not reworked the land¬ 
scape to the extent that the original landforms have been altered beyond 
recognition. The stream modified symbol appears before the relief class 
designation, such as "SM-L" for an area of low relief (10-19 feet) modified 
by stream activity. 
Approximately 70% of Boone County is covered by 7.5 minute topographic 
maps. These include the Ames NW, Ames W, Boone East, Boone West, Fraser, 
Granger, Luther, Mackey, Madrid, Polk City, Slater, and Woodward Quad¬ 
rangles. The western 30% is covered by 15 minute topographic maps, 
including the Ogden and Perry Quadrangles. 
CLASS SYMBOL RELIEFS.) 
Very low VL 0-9 
Low L 10-19 
Moderate M 20-29 
High H 30-49 
Very high VH 50+ 
Stream - dissected SD 
Stream-modified SM 
Lief categories 
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Interpretations of glacial regimen are based upon the material, linear 
ridge trend, landforms, and relief maps. Because copies of the topographic 
maps could not be included with this report, the relief categories provide 
a quick method of regionally analyzing relief, which is important to land- 
form recognition and interpretation in this area. Two maps were produced— 
one showing materials (Plate 1) and another with relief categories 
(Plate 2). Landforms referred to in this report as nlinear ridges” appear 
on both maps; their significance will be discussed in detail later. These 
maps have been reduced to a scale of 1:48,000 for production here, which 
preserves the detailed distribution of materials and landforms but yields a 
map size which is not too cumbersome to use. 
Previous Work 
Study of the Des Moines Lobe Drift Sheet began with the recognition of 
multiple moraines in Iowa by White (1870). Chamberlin (1883) described two 
systems—the Altamont and Gary—on the eastern flank of the Missouri Coteau 
in South Dakota, Minnesota, and in Iowa. These systems were also described 
and extended into Iowa by Upham (1884). Leverett (1922) showed that 
Chamberlin’s Altamont was not the terminal moraine of the Des Moines Lobe, 
but rather it was the Bemis moraine, lying several miles to the west of the 
Altamont in eastern South Dakota. The term ”Altamont,n however, was 
retained for the second system. Smith (1925) described a third and fourth 
morainal system in Iowa—the Humboldt and Algona—but retained Chamberlin’s 
obsolete terminology for the first and second systems. Leverett (1932) 
corrected this by renaming the first system ”Bemis” and the second 
’’Altamont.’1 Kay and Graham (1943) finalized this classification by 
11 
recognizing four systems in Iowa—the Bemis, Altamont, Humboldt, and 
Algona—in their review of the Pleistocene history of Iowa. 
End moraines on the Des Moines Lobe Drift Sheet were mapped by the 
presence of hummocky topography by the early workers (Beyer, 1895; Kay and 
Graham, 1943). This proved difficult because of the complex patterns 
created on the land surface and the lack of aerial photography and adequate 
topographic maps. In contrast to the earlier workers, Ruhe (1969) employed 
the patterns created by parallel linear ridges to delineate end moraines. 
Areas devoid of a pattern were labeled "ground moraine." Ruhe's end 
moraines were extremely wide features, the Bemis being almost 40 miles wide 
in places (Figure 4), and were not limited to areas of hummocky topography. 
The age of the drift of the Des Moines Lobe Drift Sheet has been 
revised several times. Leighton (1933) classified the Des Moines Lobe as 
Late Wisconsin in age and composed of drift from the Mankato glaciation. 
Leighton's 1949 classification proposed the following of the Wisconsin 
Stage (Table 1). 
Table 1. Classification of Wisconsin Stage (after Leighton, 1958) 
Stage Substages 
Late 
Mankato — 
Early 
Wisconsin Cary 
Tazewell 
Iowan 
Farmdale 
(Pro-Wisconsin) 
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Ruhe (1952) cites evidence for two drifts which he called Cary (Bemis end 
moraine) and the Mankato (Altamont, Humboldt, and Algona end moraines). 
Later, Ruhe and Scholtes (1959) included the Altamont and Humboldt systems 
with the Cary drift leaving the Algona system with the Mankato glaciation. 
With time and with further radiocarbon control, Ruhe (1969) had classified 
the Des Moines Lobe Drift Sheet as entirely Cary in age. 
, Landform studies in Boone County have only been attempted as parts of 
larger projects involving the entire Des Moines Lobe Drift Sheet or areas 
adjacent to the county. , Beyer (1898) was the first to recognize linear ' 
landform patterns. These were later found to be ridges parallel to the 
Lobe margin and were called "swell and swale" patterns (Gwynne, 1941, 1942; 
Gwynne and Simonson, 1942) or "minor moraines" (Gwynne, 1951). -' Ruhe (1952) 
later used these patterns in his mapping of end moraines. Sendlein and 
Dougal (1968) recognized transverse trends in the linear ridge pattern. 
Foster (1969) and Foster and Palmquist (1969) included the extreme eastern 
portion of Boone County in a study which recognized linear and scalloped 
features, nonlineated topography, glacial drainage channels, kame-like 
features, and outwash areas as major landform patterns of the region. 
Palmquist, Bible, and Sendlein (1974) related till thickness to landform 
distribution in the Ames area. Palmquist and Bible (1974) in a study of 
the bedrock topography beneath the Des Moines Lobe Drift Sheet determined 
that the present-day land surface mimics the bedrock topography and that 
drainage has reoccupied its preglacial channels. It was also stated that 
the Cary-age end moraines tended to overlie bedrock uplands. 
Palmquist and Connor (1978), in a study of the landform distribution 
for the Des Moines Lobe Drift Sheet, concluded that the bedrock topography 
13 
influenced deglaciation and end moraine location and that most of the land- 
forms were the result of ice stagnation. It was found on a county scale, 
that correlations could be made relating landforms and bedrock topography. 
Landforms resulting from the stagnation of ice associated with thick accu¬ 
mulations of drift, such as circular features and some cross-lineated 
features, are formed when the ice overruns crests and opposed slopes of 
subglacial barriers. The compressive flow created by this movement causes 
material to be incorporated into the ice along thrust planes and carried to 
the surface. Stagnation of ice associated with relatively thin amounts of 
drift produces linear features in areas of extending flow on lee slopes and 
in areas with a regional slope parallel to glacial flow. Nonpatterned 
ground moraine overlies areas without a dominant subglacial slope orienta¬ 
tion. Palmquist and Connor (1978) also state that the Altamont end moraine 
may represent a momentary stabilization of the Des Moines Lobe at a 
subglacial barrier during deglaciation, rather than a readvance of the ice. 
Landform Models 
Models have been proposed by many workers to explain the formation of 
glacial landforms, resulting in confusion in landform classification and 
origin. A landform does not result from the action of only one process, 
rather from a group of processes acting together in varying amounts. An 
increase in the dominance of one over the others results in a landform of 
slightly different origin. Landforms that are similar in appearance may be 
the result of different processes, and the same processes may create 
different landforms. 
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Clayton and Moran (1974) have developed a glacial process-form model 
in which landform suites or associations are recognized. These associa¬ 
tions consist of landforms formed under similar conditions during 
glaciation and deglaciation. Clayton and Moran (1974) recognize a fringe 
suite, marginal suite, transitional suite, and inner suite. Palmquist and 
Connor (1978) have recognized similar landform associations on the Des 
Moines Lobe Drift Sheet, excluding the inner suite. Although it is diffi¬ 
cult to apply the Clayton and Moran (1974) model and the conclusions drawn 
by Palmquist and Connor (1978) to a large scale project in Boone County 
(for reasons which will be discussed in detail later in this report), 
Clayton and Moran's (1974) terminology of landform suites will be used for 
the organization of the discussion of landform models. 
Fringe suite 
The fringe suite occurs in front of a glacial ice margin. Meltwater 
channels and outwash characterize the fringe suite. Meltwater channels or 
glacial drainageways have been recognized in eastern Boone County (Foster, 
1969). Lees (1914) stated that most of the higher terraces on the Des 
Moines River are developed on outwash. Outwash areas in Boone County were 
not recognized by Ruhe (1969) in association with the Altamont end moraine. 
Marginal suite 
The marginal suite occurs in the terminus region of a glacier. The 
marginal suite is characterized by rolling to hilly collapse topography, 
dominated by nknob and kettle topography," ,!moraine plateaus,11 and "closed 
disintegration ridges" as noted by Gravenor and Kupsch (1959). They have 
referred to these as "uncontrolled disintegration features." The term 
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"uncontrolled*1 means that disintegration of the ice sheet was equal in all 
directions, without fractures or planes of weakness determining the break 
up of the ice (Gravenor and Kupsch, 1959). 
Knob and kettle topography "Knob and kettle topography,1* 
"hummocky moraine** (Hoppe, 1952), "hummocky disintegration moraine,** 
"hummocky dead-ice moraine,** and "dead-ice moraine** (Gravenor and Kupsch, 
1959) are all terms that have been applied to generally high relief land- 
forms that result from the collapse of ice when it stagnates. If fractures 
are formed during active flow of the ice, this control may cause the land- 
forms resulting from material deposited in the crevasses to have a linear 
appearance. Stagnation, without fracture control, would create irregular 
knobs and hollows, showing no sign of dominant ridge trends. These knobs 
are composed of till, sand, gravel, or a combination of these. Areas of 
knob and kettle or hummocky topography have often been mapped as end 
moraines when in fact they represent an irregularly shaped region of 
stagnant ice landforms. 
Moraine plateaus The term "moraine plateau** has been used by a 
number of authors (Hoppe, 1952; Gravenor and Kupsch, 1959; Stalker, 1960). 
The features have also been called "rim-ringed moraine-lake plateaus** 
(Parizek, 1969), "ice restricted lake plains** (Clayton, 1967), and "dead- 
ice plateaus** and "ice-walled lake plains** (Clayton and Cherry, 1967). 
"Moraine plateaus** consist of elevated silts and clays surrounded by "rim 
ridges'* or "terrace ridges" (Hoppe, 1952) composed of till, sand, and 
gravel or a combination of both. Parizek (1969) refers to these ridges as 
"ice-contact rings." 
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The origin of this type of landform has been a subject of controversy. 
An ice-press mechanism involves till being pressed up into hollows in the 
stagnant ice to form ridges with silts and clays deposited from meltwater 
occupying the hollow (Hoppe, 1952; Stalker, 1960). Another theory states 
that differential melting occurs on bedrock or till highs and where super¬ 
glacial debris is thin, causing the exposure of the underlying material. 
This facilitates melting of the ice, which causes meltwater to be ponded 
resulting in deposition of lacustrine silts and clays. Successive ridges 
may form (ice-contact ridges) as superglacial material slumps off the ice 
surface along the edge of the ice. Lodgement till may be pressed from 
beneath, adding to the rim ridges. As disintegration of the ice continues, 
the water in the lake breaches the rim of till, sand, and gravel and drains 
the lake; this can happen at any stage of development of the moraine 
plateau (Parizek, 1969; Clayton and Freers, 1967; Clayton and Cherry, 
1967). 
Closed disintegration ridges "Closed disintegration ridges” 
(Gravenor and Kupsch, 1959), "prairie mounds" (Gravenor, 1955), "circular 
disintegration ridges" (Clayton and Moran, 1974), "doughnuts" (Clayton, 
1967), "rimmed kettles," and "humpies" (Parizek, 1969) are names that have 
been applied to circular features. They may be composed of till, sand, 
gravel, laminated silt and clay, or any combination of these (Parizek, 
1969). 
Hypotheses for the formation of circular features include a peri- 
glacial collapsed pingo origin (Bik, 1967), squeezing of basal till into 
subglacial cavities (Stalker, 1960), and letdown of superglacial material 
onto the basal till involving a combination of ablation and basal squeezing 
17 
(Gravenor and Kupsch, 1959). A letdown hypothesis involving three steps is 
favored by many (Gravenor, 1955; Clayton, 1967; Parizek, 1969). First, 
superglacial material slides or slumps into a sinkhole on the stagnant ice 
surface. Second, inversion of topography as the result of the insulating 
effect of the material in the bottom of the sinkhole on the underlying ice 
causes mass movement of material away from the center and down the sides of 
the buried ice core. Thirdly, the ice core melts and a central depression 
or "dimple" results (Parizek, 1969). The depth of the depression depends 
on the size of the ice core and the rate at which it melted. 
Transitional suite 
The transitional suite occurs behind (upglacier) the marginal suite. 
The transitional suite is characterized by undulating topography of numer¬ 
ous linear features which may have a variety of orientations. They appear 
as light-tonal bands (well-drained ridge crests) on aerial photographs. 
These have been referred to as "swell and swale" (Gwynne, 1941, 1942; 
Gwynne and Simonson, 1942), "minor moraines" (Gwynne, 1951; Ruhe, 1969; 
Foster, 1969; Foster and Palmquist, 1969; Palmquist et al., 1974; 
Goldthwait, 1974), "morainal ridges" (Ruhe, 1952), "washboard moraines" 
(Elson, 1957; Nielson, 1970; Clayton and Moran, 1974), "shear moraines" 
(Nielson, 1970), "crevasse fillings" (Flint, 1928), "till crevasse fill¬ 
ings" (Gravenor, 1955), "linear disintegration ridges" (Gravenor and 
Kupsch, 1959), "ice thrust ridges" (Kupsch, 1962), "dump ridges" 
(Pettyjohn, 1967), and "ice-contact ridges" (Parizek, 1969). Gravenor and 
Kupsch (1959) refer to linear features as products of "controlled" ice 
disintegration. This means that the features result due to deposition 
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along openings caused by planes of weakness—fractures, shear planes, or 
crevasses, which probably formed during active flow of the glacier. Five 
hypotheses have been proposed for the formation of linear fratures. 
One theory proposes that linear features represent annual recessional 
moraines, marking the annual cycle of advance and retreat of the glacier 
snout, with material accumulating in front of the ice (Gwynne, 1941, 1942, 
1951; Gwynne and Simonson, 1942; Ruhe, 1969). 
Linear features may also form as the result of crevasse filling 
(Flint, 1928; Gravenor, 1955; Gravenor and Kupsch, 1959) and other ice- 
contact situations (Parizek, 1969). Superglacial material can slide into 
crevasses on the stagnant ice surface and form a ridge when the ice melts 
away. Parizek (1969) notices seven environments in which ice-contact 
ridges may form. They are: 
1. marginal to meltwater channels. 
2. adjacent to channels occupied by stagnant ice. 
3. adjacent to stream trenches and subglacial channels. 
4. marginal to open meltwater channels. 
5. formed in ice-floored and ice-walled valleys. 
6. marginal to outwash plains. 
7. marginal to hummocky ground moraine. 
Formation of ice-contact ridges in each of these situations is the same. 
Superglacial material slides off of the stagnant ice surface into one of 
the previously mentioned positions and may form successive ridges as the 
ice melts back. They may be straight, irregular, sinuous, anastomosing, or 
bead-like merging into chain-like rings or ridges. Ice-contact ridges may 
be composed of till, sand, and gravel, or a combination of these. 
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The process of squeezing basal till into a subglacial crevasse could 
also produce a linear feature (Hoppe, 1952). Variations on this theory 
include an ice-press mechanism (Stalker, 1960). This involves the squeez¬ 
ing of previously deposited, unfrozen, saturated till into subglacial 
crevasses or shear zones. Squeeze-up of basal till produces ridges in 
areas where there is no significant superglacial debris on the stagnent ice 
surface; these are released from the ice at the rate of approximately one 
per year in Alaska (Goldthwait, 1974). 
The formation of shear zones or thrust planes in active ice provides a 
mechanism for transporting subglacial material along them to the ice sur¬ 
face (Elson, 1957; Gravenor and Kupsch, 1959; Kupsch, 1962; Nielson, 1970; 
Clayton and Moran, 1974). The ridges are let down as the ice stagnates 
and forms linear patterns. It has been postulated that the ridges repre¬ 
sent annual retreat of the thrust zone (Elson, 1957). The process of 
bringing material to the surface by means of thrust planes also would 
subject the material to superglacial modification by meltwater and mass 
movement, possibly causing the material to flow into crevasses. 
The basal boundary wave phenomenon developed in explanation of drumlin 
formation has been adapted in the formation of linear features (Foster, 
1969; Foster and Palmquist, 1969). This states that through glacier slid¬ 
ing sine waves are set up at the till-ice boundary to reduce frictional 
drag. These waves result in the formation of swell and swale topography. 
20 
GEOLOGY OF BOONE COUNTY 
Bedrock Stratigraphy 
The Cherokee Group (Pennsylvanian System) crops out in Boone County 
along the Des Moines River and its tributaries. The Group consists of 
interbedded shale, sandstone, limestone, and coal. Some of the best expo¬ 
sures of sandstone occur in Ledges State Park along Pea’s Creek. The coal 
in the Cherokee Group has been mined commercially since the mid-1800fs. At 
one time the mining industry in the county was second only to agriculture. 
Mines were located in the Des Moines River Valley, the Squaw Creek basin, 
and near the town of Angus (Beyer, 1895). 
Underlying the Cherokee Group are the St. Louis, Warsaw, Keokuk, 
Gilmore City, and Hampton Formations of the Mississippian System (Figure 
7). These formations are not known to crop out in Boone County. 
Bedrock Topography 
The topography of the bedrock surface beneath the Des Moines Lobe 
Drift Sheet has been mapped either in part or in full by 11 workers cited 
by Palmquist and Bible (1974). Boone County is underlain by six bedrock 
channels. Names of both the divides and the channels were given in 
Palmquist and Bible (1974) and can be seen in Figure 8. 
The trend of all bedrock channels in Boone County, with the exception 
of the Des Moines Channel, is approximately northwest-southeast. The 
Des Moines Channel trends nearly north-south and crosscuts the other 
channels. It should be noted that the bedrock highs are at a maximum 
elevation of 950 feet above sea level. The regional slope of the bedrock 
surface is gently to the southeast but is heavily dissected by channels. 
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Figure 8. Bedrock topography in Boone County (after Palmquist and Bible, 
1974) 
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Quaternary Stratigraphy 
The Quaternary .deposits of central Iowa and Boone County will be 
divided into an upper till, middle till, lower till, middle silt, sand and 
gravel, and surficial sediments for this study (Figure 9). The stratig¬ 
raphy of the Des Moines Lobe Drift Sheet has not been studied in detail. 
Because of inadequate well logs, the till units are not always differenti¬ 
ated. Since the stratigraphy of Boone County has not been studied in the 
past, description and position of deposits in the stratigraphic column are 
taken from adjacent Story County. 
Lower till 
The lower till has only been recorded in bedrock valleys (Sendlein and 
Dougal, 1968). Foster (1969) referred to it as "Nebraskan till" while 
Palmquist et al. (1974) labeled it "Kansas till." Because of recent 
discussion on the status of the classic Nebraskan and Kansas glacial 
episodes (Hallberg and Boellstorff, 1978; Hallberg, 1980), it will be 
referred to as the "lower till" in this report. The till averages 90 feet 
in thickness in the Squaw Channel and is yellowish-brown when oxidized, 
gray when unoxidized (Sendlein and Dougal, 1968). 
Sand and gravel 
Extensive sand and gravel deposits occupy the bedrock channels in the 
Boone County area. They overlie the lower till or may rest on bedrock, if 
the lower till is absent. The sand and gravel unit most likely represents 
a body of composite age (Sendlein and Dougal, 1968). 
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Surficial Sediments 
Upper Till (Cary) 
Middle Silt 
Middle Till 
Sand & Gravel 
Lower Till 
Quaternary stratigraphy in Boone County 
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Middle till 
The middle till appears to be a discontinuous body, ranging in thick¬ 
ness from 50 feet over some bedrock valleys to being completely absent in 
other areas (Sendlein and Dougal, 1968). The till is yellow-brown in the 
oxidized state and gray when unoxidized. The till is thought to be a 
product of the Tazewell glaciation (Palmquist et al., 1974), but its age 
and extent have not been determined. 
Middle silt 
This silt includes alluvium and loess (Foster, 1969) and can be 
observed in roadcuts and along streams and rivers. The thickness ranges up 
to 60 feet in places, with 30 feet or less being more common. The silt 
varies in color from yellow-brown to blue-gray (Foster, 1969). Thomas 
et al. (1955) noticed a gradational relationship between the loessial 
deposits and the upper till and suggests that these were possibly deposited 
contemporaneously. 
Upper till 
The upper till occurs as a continuous body across the county, except 
where removed by stream activity. It ranges in thickness from less than 
10 feet over bedrock uplands to over 125 feet in buried valleys but aver¬ 
ages about 50 feet (Palmquist et al., 1974). The upper till was deposited 
by the last glaciation and has been called the "Cary till" by Ruhe (1969). 
Grain-size analyses show it to be a loam till. The upper 1-3 feet of the 
till is usually leached and yellow-brown in color when oxidized, dark gray 
when unoxidized. 
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Surficial sediments 
Surficial sediments occur as a veneer across the landscape. Surficial 
sediments consist of fine material removed from adjacent sideslopes of till 
and may range in thickness from 3 cm on crests and shoulders to 4 m in deep 
swales (Daniels and Handy, 1966). Grain-size analyses show them to range 
from loam (USDA) on the ridgecrest and silt loam (USDA) on the flank to 
silty clay loam or silty clay (USDA) on the toeslope. They are separated 
from the underlying till by a stone line or accumulation of sandy material, 
always coarser than the surficial sediments. Daniels and Handy (1966) 
estimated that surficial sediments cover more than 90% of the landscape 
they studied in Boone County. 
Drainage Patterns 
Boone County contains four drainage basins. These are the Squaw 
Creek, Des Moines River, Beaver Creek, and Frog Creek basins (Figure 10). 
The Squaw Creek basin drains the northeastern and eastern portion of 
the county. Squaw Creek flows to the southeast in a valley over 100 feet 
deep which has hummocky topography along its valley walls. 
The Des Moines River and its tributaries drain the central half of 
Boone County. The Des Moines River originates in southern Minnesota and 
flows south and southeastward into the Mississippi River. In Boone County 
its valley ranges in depth from 250 feet at Pilot Mound to 160 feet at the 
Boone-Dallas County line (Lees, 1914). Its width varies from a narrow 
gorge of 1500 feet at many locations along its course to almost 9000 feet 
wide just west of Boone. Numerous tributary streams cut deep ravines which 
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Figure 10. Locations of streams and drainage basins (dotted lines) in 
Boone County 
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are often artificially dammed near the break of the uplands to create farm 
ponds and lakes, such as Don Williams Lake. 
The western part of Boone County is drained by the Beaver creek sys¬ 
tem. These streams originate in northern Boone County and flow south in 
broad, shallow valleys, eventually joining the Des Moines River. 
Frog Creek drains only about 8 square miles in the extreme southwest 
corner of the county near Angus. Frog Creek occupies an extremely marshy, 
wide valley and flows south into the North Raccoon River. 
Except for the Des Moines River, larger streams in Boone County appear 
to be underfit (Gary et al., AGI Glossary, 1974). This is indicated by 
the oversized valleys compared to the present-day streamflow. Examples of 
this are Squaw, Beaver, Big, and Frog Creeks. This condition is evident on 
aerial photograph mosaics and in the extent of alluvium mapped on the soil 
survey maps. The valley width of Beaver Creek ranges from 1300 feet to 
3200 feet from north to south in Boone County. Squaw Creek’s valley 
reaches a maximum of about 4000 feet just east of Zenorsville. Frog Creek 
has a wide valley, but streamflow and gradient are very low, creating a 
marshy environment. Its valley has a maximum width of about 3000 feet; 
Frog Creek itself is only a couple of feet wide in most places. 
The valleys in Boone County have a pronounced angular pattern. It is 
best displayed by the pattern of the alluvium and colluvium associated with 
them. Two dominant orientations are present—N45W and N30E (Figure 10). 
Although valley orientations vary throughout the county, they are similar 
to the trends of glacial landforms found within the same area. The angular 
valley segments vary in length from less than one-quarter mile to over 
3.5 miles. 
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GLACIAL GEOMORPHOLOGY 
Materials Map 
The geologic map of the surficial deposits was constructed through the 
interpretation of the soils maps for Boone County (Plate 1). The distribu¬ 
tion of the different materials creates patterns which can be interpreted 
for the origin of the materials and landforms. Eleven categories are used 
in the material classification of Boone County. They are: 1) alluvium/ 
colluvium complex, 2) bedrock, 3) colluvium, 4) depressional sediments, 
5) eolian sand/terrace sand, 6) lacustrine sediments, 7) organic sediments, 
8) sand and gravel, 9) sandy subsoil variants, 10) till, and 11) till/ 
gravel complexes. 
Units 
Alluvium/colluvium complex The alluvium/colluvium complex consists 
of materials derived from sideslopes and upstream sources and sideslopes 
occur along the floors of drainageways. The alluvium and colluvium units 
are combined along drainageways because of the difficulty in separating 
them at the scale of the soils maps. They are represented by soils belong¬ 
ing to the Ankeny, Buckney, Calco, Coland, Coland-Spillville complex, 
Hanlon, Landes-Buckney complex, Moingona, Spillville, Spillville-Landes 
complex, Terril, and Turlin soil series. The particle-size ranges from 
fine sandy loam to clay loam (USDA) and are classed as A-2-4, A-4, A-6, or 
A-7 engineering soils (AASHTO). Because of the wide variability in the 
texture of these soils, shrink-swell potentials are correspondingly vari¬ 
able, ranging from high to low, dependent on the origin of the material. 
Alluvium generally has a fine texture and high clay content, resulting in 
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high shrink-swell potentials. Colluvium has a coarser texture and lower 
clay content, therefore, a low shrink-swell potential. 
Bedrock Bedrock is exposed as outcrops and structural terraces 
along the Des Moines River. It is a mappable unit on structural terraces 
as the Jacwin soil series consisting of soils developed in Pennsylvanian 
shale. The soil has a loamy texture (USDA) at the surface and grades into 
silty clay (USDA) near the base. It is classed as an A-6 or A-7 soil 
(AASHTO) and has a moderate to high shrink-swell potential. 
Colluvium Colluvium is a mappable unit where it occurs on foot- 
slopes. These materials consist of slopewash derived from adjacent crests 
and sideslopes and generally have a loamy texture (USDA). Colluvial mate¬ 
rials are characterized by soils belonging to the Moingona, Terril, and 
Turlin soil series. The Moingona series may form alluvial fans along the 
sides of the Des Moines River valley. They are classed as A-4, A-6, or A-7 
soils (AASHTO) and have low to moderate shrink-swell potentials. 
Depressional sediments Depressional sediments consist of local 
alluvium and glacially derived sediments. These materials occur in closed 
depressions often times called "potholes," which are common on the surface 
of the Des Moines Lobe Drift Sheet. They tend to have a clay loam, silty 
clay loam, or mucky silt loam texture (USDA), forming the Okoboji soil 
series. These soils are classed as A-7 engineering soils (AASHTO) and have 
high shrink-swell potentials because of the high clay content. The pothole 
materials also have slow permeability and are subject to periodic ponding. 
The depressional sediments on the materials map (Plate 1) are limited to 
the Okoboji series. The Canisteo, Cordova, Dundas, Harps, and Webster 
series also occur in swales on the landscape; however, these soils also 
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occur in positions slightly higher on the landscape than the Okoboji and 
are included in the till category. 
Eolian sand/terrace sand Materials of this category consist of 
wind-deposited sand and water-deposited sand which is free of gravel. They 
are represented by the Dickinson soil series. They form dunes along the 
edges of valleys in the uplands and also occur in terraces. These mate¬ 
rials generally have a loamy fine sand or sandy texture (USDA) and are 
classed as A-2, A-3, or A-4 soils (AASHTO). Because of the lack of clay in 
these materials, they may have a very low shrink-swell potential. Differ¬ 
entiation between wind- and water-deposited sand is possible through 
extensive field checking and air photo analysis, which was not attempted in 
this study. 
Lacustrine sediments Lacustrine sediments consist of lake silts 
and clays. On soil maps these sediments comprise the Blue Earth, Guckeen, 
Kamrar, Marna, and Minnetonka soil series. They occur in depressions or in 
flat to concave positions elevated above the surrounding terrain. The 
lacustrine sediments are heavy textured materials—clay loams, silty clay 
loams, and mucky silt loams (USDA) and are classed at A-6, or A-7 soils 
(AASHTO). The high clay content causes the soils to have moderate to high 
shrink-swell potentials and moderately slow permeability, resulting in 
periodic ponding of water. Lacustrine sediments are underlain by till- 
derived sediments which may contain lenses of till and sorted material. 
Organic sediments Organic sediments are composed of decayed plant 
matter and till-derived sediments from adjacent sideslopes and are repre¬ 
sented by the Palms muck and marsh soil mapping units. These soils occupy 
depressions and are often times associated with lacustrine and depressional 
32 
sediments. They are fine textured and are classed as A-6 or A-7 soils 
(AASHTO). Organic sediments have moderate to high shrink-swell potentials 
and are subject to periodic ponding because of their slow permeability 
and low landscape position. 
Sand and gravel The sand and gravel category includes water- 
deposited material on terraces along major drainageways, along the floor of 
valleys which are not occupied by modern streams, and as knobs and ridges 
in the uplands. The distribution of these sands and gravels indicates 
different origins. The soils are generally loams and sandy or gravelly 
loams (USDA) overlying sand and gravel as represented by the Biscay, 
Cylinder, Linder, Ridgeport, Salida, Sattre, Talcot, and Wadena soil series 
and are classed as A-l and A-2 engineering soils (AASHTO) having little or 
no shrink-swell potential. The water table varies with landscape position. 
Problems arise in the mapping of sand and gravel bodies. Some of them 
appear as a square-shaped unit within an alluvium/colluvium complex because 
that area is occupied by a commercial sand and gravel operation. Patterns 
such as this should be resolved by the reader not as an abnormality but as 
a consequence of utilization of natural resources. 
Sandy subsoil variant The sandy subsoil variant is composed of 
"two-story soils11—fine textured soil (loam or clay loam) overlying a 
coarse textured soil (sand and gravel) (USDA). These soils comprise the 
Talcot Varient-Coland-Wadena soil association, which includes sandy subsoil 
variants of the Biscay, Cylinder, Harcot, Talcot, and Wadena soil series. 
They occur in an area of very low relief dominated by anastomosing channels 
and low topographic rises. The surficial materials are classed as A-6 and 
A-7 soils (AASHTO) with moderate to high shrink-swell potential. The sandy 
33 
subsoil is classed as an A-l or A-2 soil (AASHTO) with little or no shrink- 
swell potential. 
Till Till is the most common material in Boone County. It under¬ 
lies all other materials, except where removed by erosion. Surficial sedi¬ 
ments usually overlie the till, separated from it by a stone line or lag 
deposit. Differentiation between the till and surficial sediments are only 
made in the occurrence of potholes. Areas in Plate 1 not denoted by a 
symbol represent soils developed on till or surficial sediments. The 
surficial sediments are usually thickest in depressions, but highs and lows 
may be completely buried, thus masking the original landscape. 
Till is a nonstratified, nonsorted material deposited by a glacier 
(Goldthwait, 1971). The classically understood types of till and modes of 
deposition have been described by Boulton (1971) as Mflowtilll! (super- and 
englacial deposition), "melt-out till" (superglacial deposition), and 
"lodgement till" (subglacial deposition). Lawson (1979) points out that 
"till" is a genetic term and refers only to subglacially-deposited mate¬ 
rial. For the purposes of this study, areas containing soils with till as 
parent material (as recognized by the Soil Conservation Service) are 
assumed to have a sub- or englacial (near the base of the ice) origin. It 
is realized that some of the till may have a superglacial origin. 
Soils developed on till occur in a variety of landscape positions, 
including upland sites (knobs, ridges, swales, etc.) and along valley side- 
slopes where it is exposed by erosion. Till soils are characterized by the 
Clarion-Canisteo-Nicollet, Canisteo-Clarion-Nicollet, and Hayden-Lester- 
Luther soil associations (see Figure 11). 
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The texture of the till may vary greatly due to local differences but 
is generally a loam (Foster, 1969). The surficials range from loam to 
silty clay (USDA). The till and surficials are classed as A-4 to A-7 soils 
(AASHTO) with moderate to high shrink-swell potentials. This variation is 
made clear by differences in the physical properties of the materials. 
Till has an angle of internal friction of 19.2° as compared to 7.6° for the 
2 
surficial sediment and a cohesion value of 0.05 kg/cm for till and 0.0 kg/ 
2 
cm for surficial sediments (Daniels and Handy, 1966); these values indi¬ 
cate that the till is much firmer, having a shear strength about three 
times that of the surficial sediment. 
Till/gravel complex Till/gravel complexes are composed of inter- 
bedded till-like sediments, sand, gravel, and other stratified drift 
deposits. They form by resedimentation of glacial materials, such as till, 
on the surface of stagnant ice. The till-like sediments are composed of 
masses of till which were not greatly altered by movement or meltwater, 
whereas the other stratified drift deposits have been. Since the material 
is the product of resedimentation, it is no longer "till” in the tradi¬ 
tional sense and becomes a sediment flow (Lawson, 1979). The term "till" 
is used only to describe the grain-size distribution of the material in 
contrast to the other stratified drift deposits. The till/gravel complexes 
form knobs, ridges, and other hummocky landforms in the uplands (particu¬ 
larly in the Altamont moraine region) and along some stream valley. They 
have highly variable particle-size distributions because of the inter¬ 
bedding but are classed as A-2 soils with low shrink-swell potentials and 
rapid permeability. 
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Distribution 
The general distribution of materials in Boone County as shown on the 
soil association map (Figure 11) coincides with physiographic features. 
One of the most prominent features is the Altamont moraine in the northern 
part of the county, characterized by the Clarion-Zenor soil association. 
This area consists of gently to strongly sloping, well to somewhat exces¬ 
sively drained, loamy soils of the till/gravel complex, sand and gravel, 
and colluvium categories. Most of the county is included in the Clarion- 
Canisteo-Nicollet, Canisteo-Clarion-Nicollet, and Hayden-Lester-Luther soil 
associations. The Canisteo-Clarion-Nicollet association has more gentle 
slopes (nearly level to gently sloping) than the Clarion-Canisteo-Nicollet 
association (nearly level to moderately sloping). Both include soils 
developed on till with depressional, lacustrine, and organic sediments 
present and are loamy and well to poorly drained. The Hayden-Lester-Luther 
association occurs in the uplands near the Des Moines River valley and 
consists of soils developed on till under forest vegetation. The Beaver 
Creek area is characterized by the Talcot Variant-Coland-Wadena soil asso¬ 
ciation. This is an area of nearly level to gently sloping, poorly to 
well-drained, loamy soils on stream benches and bottomlands. This area, 
along with Frog Creek and Little Beaver Creek, is characterized by the 
sandy subsoil variant, sand and gravel, and sand deposits. The Des Moines 
River occupies the central portion of the county. The bottomlands and 
terraces are characterized by the Moingona-Sattre-Buckney association, 
consisting of soils developed on alluvium and sand and gravel. The steep 
sideslopes of the valley are characterized by soils of the Hayden-Storden 
association, consisting of soils developed on exposed till. 
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The soil association areas in Boone County may be further generalized 
into the Altamont moraine, Bemis moraine, Beaver Creek basin, and stream 
valleys. These categories will be used in the following discussion of 
materials distribution. 
Altamont moraine 
The Altamont moraine extends diagonally across the northern part of 
Boone County and consists mainly of till/gravel complexes. These form a 
ridge which varies a great deal in composition and expression from east to 
west, being divided by the Des Moines River. The differences between the 
sections of the Altamont moraine east and west of the Des Moines River, as 
well as differences within each section of the Altamont, will be discussed 
in detail. 
The Altamont moraine occupies the northern third of Boone County east 
of the Des Moines River. Traces of the moraine near the river valley are 
lost due to stream-dissection. The moraine extends from west of Ridgeport 
to the northeast for 2.5 miles, whereupon it bifurcates into northeasterly 
(inner) and southeasterly (outer) ridges. The inner ridge continues into 
Hamilton County where it swings to the north. The outer ridge can be 
traced to its intersection with the valley of Squaw Creek, where it turns 
sharply to the north and continues into northwestern Story County. The 
area lying to the south of the inner ridge and including the outer ridge 
will be referred to as the "Squaw Creek salient." 
The inner ridge is approximately one mile wide and consists of closely 
spaced till/gravel, sand and gravel, and till bodies, forming knobs and 
ridges. Till is not a major surface unit. Alluvium and colluvium occur in 
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drainageways which terminate downstream against knobs and ridges. Lacus¬ 
trine and organic sediments fill most of the closed depressions. The soils 
on knobs are excessively drained, whereas water at the base of the slope 
may be ponded for extended periods of time. Slopes are steep, generally 
from 9% up to 40%. To the north of the main ridge, the area is composed of 
till with scattered till/gravel complexes forming hills and depressions 
filled with depressional, lacustrine, and organic sediments. 
The outer ridge defines the southern boundary of the Squaw Creek 
salient. The area is complex and better described by relief areas, which 
are discussed in a later section. The area is composed of knobs of till/ 
gravel complexes and till. Till is the more prevalent, except directly 
west of Squaw Creek. The boundary of the Squaw Creek salient in the north¬ 
east corner of the county is indistinct, but it probably coincides with a 
north-south tributary of Squaw Creek in Sections 24 and 25 of Harrison 
Township, along which till/gravel and sand and gravel bodies occur in the 
uplands. The Squaw Creek salient appears to be superimposed upon the 
materials of the Bemis end moraine which lies to the south. This super¬ 
imposition is indicated by the continuation of a linear ridge pattern on 
the Bemis surface through the region of the salient. 
The Altamont moraine west of the Des Moines River extends from an area 
four miles north of U.S. Highway 30 along the Boone-Greene County line 
northeast to Pilot Mound, where it is lost in the dissection of the Des 
Moines River and its tributaries. It is approximately one mile wide 
through the western part of the county, except at Pilot Mound where 
hummocky till/gravel complexes widen the ridge before it is obscured by the 
Des Moines River. The Altamont consists of knobs of till/gravel complexes 
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mixed with knobs and ridges of till which become more common to the south¬ 
west. The ridge is not as well-defined as that to the east of the Des 
Moines River and becomes less well-defined, from the standpoint of the 
soils, as it is traced into Greene County. Slopes are not as steep as 
those to the east, usually being less than 14%. 
Behind the ridge, till is the dominant material with only scattered 
elongate till/gravel ridges up to one mile in length. Some of these are 
oriented N65E, parallel to the general trend of the Altamont moraine in 
this region. Other till and till/gravel bodies are elongate perpendicular 
to these, about N40W. A concentration of these ridges intersects southwest 
of Boxholm. Lacustrine sediments occur in the northwest corner of Boone 
County. These sediments are part of a tongue-shaped extension of a larger 
area in Hamilton, Webster, and Wright Counties (T. J. Kemmis, Iowa Geologi¬ 
cal Survey, personal communication). The lacustrine sediments, along with 
associated organic and depressional sediments, often surround isolated 
mounds of till and till/gravel complexes on the very low relief landscape. 
Bemis moraine 
The Bemis end moraine, as defined by Ruhe (1952), occupies most of 
Boone County south of the Altamont moraine (see Figure 5). Till and till- 
derived sediments (surficial sediments) are the dominant materials. 
Lacustrine and organic sediments are sparsely scattered throughout the 
area, and there are local concentrations of till/gravel complexes in the 
southern part of the county. 
The till landscape consists of gently undulating ”swell and swale” 
topography of slightly varying relief, usually 5-20 feet. Till is exposed 
41 
on most ridgecrests and on sideslopes that are severely eroded. Elsewhere, 
thin surficial sediments veneer all parts of the landscape (Daniels and 
Handy, 1966). 
The distribution of potholes coincides with drainage divides, areas 
not dissected by stream activity. Several areas exist—north of Boone, 
north of Sheldahl, and south of Ogden. The potholes are characteristic of 
internally drained areas, which are destroyed once headward erosion causes 
first order drainageways to encroach upon the area. The potholes north of 
Sheldahl are interconnected by other poorly drained soils (Canisteo, 
Webster, etc.) to form poorly expressed drainageways. These potholes were 
observed following the heavy thunderstorms of early June 1979 and were 
filled with water for a longer period of time than potholes elsewhere in 
the county. It is not known if the material in the potholes of this region 
are texturally different than the others. Most of the potholes in Boone 
County have been tiled for drainage. 
A local concentration of till/gravel complexes occurs in Garden Town¬ 
ship northeast of Madrid. These are associated with lacustrine, organic, 
and depressional sediments. The till/gravel bodies form a highly dissected 
ridge around the other sediments. This circular feature may be interpreted 
as an "ice-contact ring" using Parizekfs (1969) terminology. Numerous 
other till/gravel bodies occur in the area, but only those in Sections 8, 
9, 16, and 17 are associated with the cumulic materials. 
Isolated sand, sand and gravel, and till/gravel bodies occur scattered 
throughout Boone County. These form knobs and ridges and may be referred 
to as !,kamesn or "ice-contact ridges.1* In some cases, the mounds may just 
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be a very sandy till, instead of sand and gravel, but should be noted 
because of their textural contrast with the surrounding till. 
Beaver Creek basin 
The Beaver Creek basin is characterized by the occurrence of the sandy 
variant materials. The varient materials as well as sand and gravel bodies 
form a plain which begins 3 miles north of U.S. Highway 30 in southern 
Amaqua Township and extends eastward 3 miles from the Boone-Greene county 
line (and appears to continue westward into Greene County) to U.S. Highway 
30. The plain begins abruptly, causing a change in materials from fine¬ 
grained alluvium to sand and gravel along two unnamed tributaries west of 
Beaver Creek. The wide plain of sandy materials narrows to the south into 
the modern drainageways of Beaver and Middle Beaver Creeks. The sandy 
materials also occur in scattered upland sites including low ridges and 
depressions. 
Little Beaver Creek also has varient materials associated with it but 
not to the extent of those of Beaver Creek. One varient complex occurs on 
the flanks of ridges along the margin of a northwest-southeast oriented 
depression underlain by lacustrine sediments (SW% Section 1, SE% Section 2, 
NW% Section 12, NE% Section 13, T82N, R28W). The depression is a continu¬ 
ation of the valley of Little Beaver Creek, which turns just east of the 
depression. 
Valley width (as determined by the alluvium/colluvium complex along 
streams) changes greatly along the streams in the Beaver Creek system. 
Where the streams originate in the northern part of the county, the valleys 
average about 1300 feet across. They cross the Altamont morainal ridge at 
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a right angle without a change in either course or materials. However, in 
the Beaver Creek area where the varient materials and the sand and gravel 
bodies occur, the alluvium/colluvium complexes are discontinuous, only 
occurring in the modern floodplain. South of the varient area valleys 
again become well-defined and are up to 3000 feet across. Alluvium occu¬ 
pies the valley floor, and terraces are composed of sand and gravel or 
sand, whereas till/gravel, varient materials, and sand bodies occur along 
the valley margins. The till/gravel and variant complexes form hummocks, 
and sand bodies represent dunes in the uplands adjacent to the valley. 
Stream valleys 
The Des Moines River valley has a complex history, as evidenced by the 
variety of materials and numerous terrace levels. The valley floor con¬ 
tains soils developed on alluvium. Alluvium/colluvium, sand, sand and 
gravel, till, and bedrock occur along the sides of the valley. Alluvium 
occupies most of the bottomlands of the valley, as well as some of the 
terraces. Alluvium/colluvium complexes form alluvial fans where small 
tributaries flow onto the floodplain or onto a higher terrace. Many of the 
alluvial fans are highly dissected. Colluvium may also form the footslopes 
of some terrace escarpments. Terraces may be composed of sand and/or 
gravel. Seven terrace levels have been recognized along the Des Moines 
River in the reach north of Fraser but were not mapped as part of this 
study. Individual terrace remnants may be indicated by a change in mate¬ 
rial, such as the terrace systems around Fraser and west of Ridgeport. 
Till crops out along some of the steep terrace escarpments in the Des 
Moines River valley. Bedrock occurs as outcrops along the valley and forms 
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structural terraces overlain by shales, which appear 40 feet above the 
river. 
Squaw Creek is the only drainageway to flow through the Altamont 
moraine east of the Des Moines River in Boone County. The Squaw Creek 
valley contains alluvium and colluvium on the valley floor, whereas till/ 
gravel and sand and gravel complexes form hummocky knobs along its margins. 
The till/gravel and the sand and gravel bodies form a complex ridge which 
rises a few feet above the uplands. This change in elevation is noticed 
when approaching the valley from the uplands. 
Till/gravel complexes occur along several streams in Boone County, 
such as Beaver and Frog Creeks, as well as Squaw Creek, but not the Des 
Moines River. These complexes are interpreted to be ice-contact ridges 
which formed along crevasses in the stagnant ice. The angular trends of 
the Squaw Creek valley and its tributaries are either parallel with or 
perpendicular to the Altamont moraine, which would be consistent with the 
stress field that existed in the ice at the time of deglaciation. 
Frog Creek flows through large areas of organic sediment which occupy 
its floodplain. These marshy areas are bounded by variant materials and 
hummocky knobs of sand and gravel which form the valley margins. Because 
of the marshes, the Frog Creek valley contains few areas of alluvium, even 
though it is up to 3000 feet wide. 
Isolated bodies of sand occur along the margins and upland adjacent to 
the Squaw Creek valley. The larger bodies form terraces, whereas the 
smaller ones are oriented parallel to the valley on the uplands. They are 
interpreted to be sand dunes. 
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Aerial Photographs 
Aerial photographs were utilized to recognize landform patterns, 
drainage patterns, and natural topographic breaks, such as topographic 
rises on the landscape and stream valleys. The landform patterns include 
linear ridges, circular features, depressional areas, hummocky areas, 
anastomosing patterns, and stream-associated features. Palmquist and 
Connor (1978) estimated percentages of landform types in Boone County. 
Categories included nonpatterned, lineated, cross-lineated, and circular 
features. The latter three are analogous to those used in this study, and 
depressional areas, hummocky areas, anastomosing patterns, and stream- 
associated features are included under the heading of nonpatterned fea¬ 
tures. Palmquist and Connor (1978) estimated percentages to be 70-75% for 
linear features (approximately 40% lineated and 30-35% cross-lineated), 
15-20% circular, and 5-15% nonpatterned. 
Units 
Linear ridges The term "linear ridges" refers to linear features 
which are expressed as ridges on the landscape. The term "linear ridges" 
is preferred to "minor moraines" or "washboard moraines" because it is 
nongenetic and is based only upon topographic expression. Because it is a 
nongenetic term, it may be applied to a variety of landforms that are simi¬ 
lar in appearance but differ in their mode of origin. Therefore, it is to 
be used in a purely descriptive context. 
Linear ridge patterns may be classified into five categories (Figure 
12): 1) parallel, 2) transverse, 3) random, 4) cross-lineated, and 
5) scalloped patterns. Parallel patterns are parallel to the margin of the 
PARALLEL 
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Figure 12. Linear ridge patterns 
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Des Moines Lobe Drift Sheet. Transverse patterns are perpendicular to the 
parallel patterns. Random patterns are those areas without a dominant 
ridge trend. Cross-lineated applies to patterns where parallel and trans¬ 
verse ridges occur together, although they need not intersect. Scalloped 
patterns in Boone County are characterized by the curved junction of two 
ridge trends; generally a stream occupies the axial depression. Foster 
(1969) recognized five intersection patterns: 1) offset, 2) "Tn inter¬ 
section, 3) box intersection, 4) cross intersection, and 5) nonintersec¬ 
tion. Examples of each type of these patterns are also found in Boone 
County. In this study, areal patterns were analyzed rather than the 
intersection pattern of the ridges. 
Tonal patterns have been used to identify ridge trends (Foster, 1969; 
Ruhe, 1969; Palmquist and Connor, 1978). Problems exist with this proce¬ 
dure because tones may represent subsoil exposures along steep sideslopes, 
creating a linear pattern on the aerial photograph. For this study, ridges 
were identified by stereoscopic viewing to discriminate bwtween true ridges 
and other linear patterns. A ridge may be represented on a photograph by 
alternating light- and dark-toned soils. The darker, less well-drained 
soils occupy saddles which are normally a couple of feet lower than the 
adjacent, otherwise lighter, more well-drained crest. 
Relief of linear ridges may range from 7-24 feet in Boone County. 
Elsewhere it ranges from less than 5 feet to more than 40 feet (Foster, 
1969). The length of these ridges is highly variable across the county but 
relatively constant within a small area. Length ranges from 400 feet to 
6000 feet, with most around 2000 feet. Average values for the spacing of 
linear features have been determined by Foster and Palmquist (1969) in 
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portions of eastern Boone County and adjacent Story County to be on the 
order of 350 feet or 15 ridges/mile. 
Circular features Circular features of two magnitudes are found in 
Boone County. Large features may be up to a mile wide and elevated 20 feet 
or more above the surrounding terrain. They consist of a raised rim of 
till/gravel complexes and till with a central depression filled with 
depressional, lacustrine, and/or organic sediments. Large circular fea¬ 
tures are more common in Calhoun, Greene, and Pocahontas counties (G. R. 
Hallberg, Iowa Geological Survey, personal communication). 
Small circular features are found scattered in local concentrations 
throughout Boone County. They are generally less than 750 feet across and 
5 feet to 20 feet high. Most of these are composed of till, but sand and 
gravel or till/gravel circular features are possible. The small features 
appear as small circular mounds with a light-toned rim and dark-toned 
center. A central depression is not evident on aerial photographs. Some 
of these have been breached. 
Depressional areas Depressional areas are dominated by "negative" 
or concave landforms which form amorphous patterns. They coincide with the 
major drainage divides of the county and typically have poorly integrated 
drainage. Light-toned rings are present around most of the depressions. 
These are rings of the calcareous Harps soil series. The depressions are 
separated by very low relief ridges which commonly have a random orienta¬ 
tion. 
Hummocky areas Hummocky areas are characterized by irregular knobs 
and ridges of moderate to very high relief. The knobs and ridges are 
composed of till, till/gravel complexes, sand and gravel, and have very 
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steep slopes, some up to 40%. Light tones are seen where the subsoil has 
been exposed by erosion. 
Anastomosing patterns An anastomosing tonal pattern occurs in the 
Beaver Creek area, around the town of Beaver. It consists of a network of 
interconnected depressions which are underlain by fine-grained alluvium, 
sand, sand and gravel, and sandy subsoil variant materials. Since sand and 
gravel underlies varying thicknesses of the loamy surficial sediments of 
the variant soils, light and dark soil patterns are produced. The anasto¬ 
mosing pattern merges with the present channels of Middle Beaver and Beaver 
Creeks. The association of pattern and materials is indicative of fluvial 
deposits, thus it is interpreted to represent an outwash plain. Some small 
areas of braided channel remnants occur on terraces along the Des Moines 
River. Braided streams are the result of high stream gradients, large 
volumes of bedload material, and rapid and frequent variations in discharge 
(Ritter, 1978, p. 242). 
Stream-associated features Stream valleys, terraces, benches, and 
stream-dissected areas are classed as stream-associated features. Aerial 
photography is the most efficient method of studying these features in 
Boone County. Stream terraces were analyzed to determine the break between 
uplands and high terraces. Alluvium, sand, and gravel are most common 
along the larger streams with more colluvium occurring with the alluvium 
along the smaller streams. Some of the escarpments are extremely steep 
and may have till or loess cropping out along the sides of the valleys. 
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Distribution 
Boone County can be divided into several distinct regions of dominant 
landform patterns. These may be generalized as the Altamont moraine, Bemis 
moraine, Beaver Creek basin, and stream valleys to facilitate comparison 
with the previous discussion of materials. 
The Altamont moraine east of the Des Moines River is characterized by 
hummocky topography consisting of knobs, ridges, and some small circular 
features. The Altamont morainal ridge west of the Des Moines River con¬ 
sists of linear features and some hummocky topography. Behind the morainal 
ridge, linear ridges dominant the landscape but fade into depressional 
areas to the north. Most of the southern two-thirds of the county, the 
Bemis moraine, is dominated by linear ridges with scattered circular fea¬ 
tures, but rather large depressional areas exist north of Sheldahl and 
south of Ogden. The central portion of the Beaver Creek system is domi¬ 
nated by an anastomosing pattern which starts abruptly and then merges 
downstream into the present channel of Beaver Creek. The Des Moines River 
valley and its tributaries host a number of stream-associated features such 
as floodplains, terraces, benches, and ravines. Squaw, Beaver, Big, and 
Bluff Creeks also have many of the same stream-associated features. 
Altamont moraine 
The Altamont moraine east of the Des Moines River is characterized by 
hummocky topography forming a ridge which splits into an inner ridge and 
the Squaw Creek salient, which is easily seen on aerial photographs 
(Figure 13). The inner ridge is composed entirely of hummocky areas, which 
51 
•u 
e 
<u cO 
•H QJ 
rH VJ 
cfl CO 
co 
T—i 
01 CO 60 o) e ■O OJ O O 
•H J-i -H M 
^ O CO O 
CO O. 
>-i ^ CD <D 
Q) CO S-J 60 
so :o a TO 
c! CT 0J rl 
•H 60 TO Pi 
till 
60 
Pi u <0 
H 60 o pi 
F
ig
ur
e 
13
. 
A
lt
am
on
t 
m
o
r
a
in
e 
e
a
s
t
 
o
f 
th
e 
D
e
s
 
M
o
in
es
 
R
iv
er
. 
N
o
r
t
h 
is
 
a
t 
to
p;
 
r
o
a
d 
in
te
rs
ec
ti
on
s 
a
r
e
 
o
n
e
 
m
il
e 
a
pa
rt
 
52 
correspond to the concentration of till/gravel complexes. The ridge is 
obscured west of Ridgeport by the Des Moines River and its tributaries. 
Behind the inner ridge, a line of interconnected depressions occurs in 
the northwestern part of Dodge Township (Figure 13). The one-quarter mile 
wide area trends diagonally from southwest to northeast through sections 
18, 7, 8, 5, and 4 and is bounded on both the north and south by hummocky 
topography. North of this area, scattered hummocky areas grade into linear 
features and depressional areas which are dominant in the southern part of 
Hamilton County. 
The Squaw Creek salient is clearly associated with the Altamont inner 
ridge by the density and relief of the hummocky areas (Figure 13). The 
salient is divided into three distinct relief levels which cause a step¬ 
like decrease in elevation southward from the inner ridge. The southern¬ 
most level forms the outer ridge of the Altamont moraine. Some of the 
knobs that comprise the Squaw Creek salient are small circular features 
with a poorly expressed central depression or "dimple.11 The Squaw Creek 
salient is not recognizable east of Squaw Creek. 
The Squaw Creek salient contains a parallel linear ridge pattern 
(Figure 14). The orientation is similar to that of the Bemis end moraine 
to the south. Linear ridges average about 2000 feet in length but appear 
to be "masked" locally by till/gravel complexes in the salient. 
The Altamont moraine west of the Des Moines River is characterized by 
hummocky areas and parallel ridges. The hummocky areas are not as well- 
expressed as those to the east, and the moraine is not as prominent 
(Figure 15). The Altamont in western Boone County contains many more 
linear ridges and becomes a less prominent feature of the landscape. The 
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A - Squaw Creek 
Figure 14. Linear ridge pattern (dark lines) in northeast Boone County on 
Squaw Creek salient. North is at top; road intersections are 
one mile apart 
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AMR - Altamont morainal ridge 
SS - Stepped surface 
Figure 15. Altamont moraine in western Boone County. 
road intersections are one mile apart 
North as at top; 
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ridge is heavily dissected in the western part of the county by the Beaver 
Creek drainage system. 
The Altamont moraine behind the ridge is dominated by a strong paral¬ 
lel linear ridge pattern with local areas of cross-lineated ridges. The 
parallel pattern begins at the ridge and continues northward to Boxholm, 
where it fades into a depressional area. Most of these ridges are composed 
of till, but some are till/gravel complexes. These ridges are highly 
variable in length, ranging from about 700 feet to over one mile in length. 
The cross-lineated ridges have the same variability. Depressional areas 
dominate the area north of Boxholm, which also has local concentrations of 
low relief hummocky topography and linear ridges (Figure 16). Some of the 
hummocky areas form low ridges around a depression to create a large 
circular feature, such as the one located in Section 9, T85N R28W. The 
depression contains lacustrine and organic sediments, whereas the ridge is 
composed of till and till/gravel complexes. The depressional area contin¬ 
ues northward into Webster County. 
Bemis moraine 
The Bemis moraine is dominated by linear ridges and contains local 
concentrations of circular features and depressional areas. The dominant 
linear ridge patterns occur along Squaw, Frog, and possibly Big Creek and 
are parallel and scalloped patterns. Transverse, random, and cross- 
lineated patterns are not common and are important only in the discussion 
of small areas. Large circular features occur in southeastern Boone 
County. The areas north of Sheldahl and south of Ogden are dominated by 
depressions. 
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R - rim of circular feature 
D - central depression of circular feature 
Figure 16. Depressional area and circular features near Boxholm. 
at top; road intersections are one mile apart 
North is 
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The linear ridges occurring on the Berais moraine are usually composed 
of till. Parallel patterns dominate the eastern part of the county 
(eastern Jackson and northern Colfax Townships) and create a well-developed 
pattern (Figure 17). This is actually part of a larger scalloped pattern 
along Squaw Creek, of which only half exists in Boone County; the other 
half occurs in Story County. These ridges average about 2000 feet in 
length. The Big Creek area near Madrid is dominated by a parallel pattern. 
A moderately well-defined transverse pattern occurs east of Big Creek, 
northwest of Sheldahl in southern Garden Township. The length of these 
features ranges from 800 feet to 3000 feet and may be related to the ridges 
west of the creek, forming a scalloped pattern which has since been 
severely dissected by Big Creek. 
A parallel linear ridge pattern occurs in southern Beaver and northern 
Union Townships in the western part of Boone County. These ridges are from 
1500 feet to 3000 feet in length. The orientation of these ridges is 
different than those in the eastern part of the county because of the 
change in position with respect to the margin of the Des Moines Lobe Drift 
Sheet. 
Frog Creek has a strongly developed scalloped pattern along it (Figure 
18); west of the creek the trend is N50E, whereas to the east the trend is 
N45W. The linear ridges on the west are truncated to the north by the 
headwaters of Frog Creek. The linear ridges on the east decrease in 
density to the north to eventually become absent in the area directly north 
of Frog Creek. These ridges are truncated to the east by Beaver Creek. A 
linear ridge pattern was not apparent east of Beaver Creek because the area 
is heavily dissected by streams. 
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L - Lundy’s Creek 
R - ridges and knobs of sand and gravel 
SC - Squaw Creek 
Figure 17. Parallel linear ridges in eastern Boone County. North is at 
top; road intersections are one mile apart 
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Transverse, random, and cross-lineated linear ridge patterns are rare. 
A transverse pattern is present in northwest Amaqua Township, directly 
south of the Altamont morainal ridge. Random patterns occur northeast of 
Boone and southeast of Luther. The areas are only a few square miles in 
extent and are dominated by linear ridges from 400 feet to 2000 feet in 
length. Cross-lineated patterns are scattered and small but only dominate 
the area northwest of Jordan. These ridges are usually less than 1000 feet 
long. 
The large circular feature northeast of Madrid in Garden Township is 
difficult to discern on aerial photographs due to stream dissection. Small 
circular features are scattered throughout Boone County. They do not show 
any systematic distribution but do occur in local concentrations. 
Depressional areas are concentrated on drainage divides. These occur 
north of Sheldahl (Figure 19) and south of Ogden. 
Beaver Creek basin 
The Beaver Creek basin around the town of Beaver is characterized by 
an anastomozing pattern (Figure 20). This pattern has already been estab¬ 
lished as being indicative of glacial drainageways (p. 49 of this report). 
The placement of these glacial drainageways in front of the Altamont 
moraine suggests that the area represents an outwash plain that carried 
meltwater from the Altamont moraine. 
A relatively flat, featureless area lies between the Altamont morainal 
ridge west of the Des Moines River and the outwash plain along Beaver 
Creek. There are only a few linear ridges and depressions in the area, 
which corresponds to an area of Bemis ground moraine (Ruhe, 1969). 
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s ' . ■ 4 
A - U.S. Highway 30 
B - Beaver 
C - anastomosing channels 
BC - Beaver Creek 
WB - West Beaver Creek 
Figure 20. Anastomosing pattern along Beaver Creek (note southwest 
trending channel in Section 7). North is at top; road 
intersections are one mile apart 
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Stream valleys 
The Des Moines River, Squaw Creek, and all other streams in Boone 
County have a variety of stream-associated features occurring along them. 
The Des Moines River has seven terraces that can be identified north of 
Fraser with aerial photography. The width of the floodplain varies greatly 
along its length, being wider in the central and southern reaches than in 
the north. Features such as oxbow lakes, meander scars, channel scrolls, 
and point bars are also present. An anastomosing pattern of channels is 
present on at least one of the terrace levels. Ravines cut into the 
uplands along the sides of the valley. 
Most of the streams in Boone County have wide valleys with the excep¬ 
tion of the minor drainageways. Streams south of the Altamont moraine 
usually have a much wider valley than streams to the north. These underfit 
streams usually have only one detectable terrace. Beaver Creek has a well- 
expressed terrace on which cutoff meanders are present. 
Topographic Maps 
Topographic maps were used to identify relief categories. Relief 
categories were constructed using the local relief measured over the cen¬ 
tral one-quarter of each section. The categories include very high (over 
50 feet), high (30-49 feet), moderate (20-29 feet), low (10-19 feet), and 
very low (0-9 feet). Stream-dissected areas occur along streams which have 
well-developed valleys or incised gullies into the surrounding upland. 
Stream-modified areas retain their original landform patterns but have 
minor drainageways present. The topography of Boone County is dominated by 
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very low to very high relief hummocky topography in the north (Altamont 
moraine) and low to very low relief in the south (Bemis moraine). 
Distribution 
Boone County is divided into four distinct regions of topography uti¬ 
lizing topographic maps and relief categories (Plate 2). These are the 
Altamont moraine, Bemis moraine, Beaver Creek basin, and stream valleys. 
The following discussion will use these as a means of organization and 
comparison between sections (i.e. materials and aerial photograph discus¬ 
sion) • || 
The Altamont moraine in northern Boone County is characterized by a 
region of very low to very high relief. This is divided into distinct 
zones of relief, forming an assemblage of ridges and "steps," varying 
greatly in relief, elevation, and complexity from east to west and north to 
south. The Bemis moraine in the southern two-thirds of the county is char¬ 
acterized by very low to low relief lineated topography with small areas of 
moderate relief. The Beaver Creek basin is dominated by stream-dissected 
topography with areas of low to very low relief. Stream-modification and 
dissection also dominate large areas along the major drainageways, includ¬ 
ing the Des Moines River. 
Altamont moraine 
The Altamont moraine forms a ridge of very low to very high relief in 
the northern part of Boone County. Relief and elevations differ greatly 
between the sections of the Altamont east and west of the Des Moines River. 
East of the river the Altamont is divided into the inner ridge and the 
Squaw Creek salient. The salient consists of three distinct relief zones, 
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which appear as "steps" in profile. The Altamont moraine west of the 
Des Moines River consists of a ridge of moderate relief and contains a 
"stepped surface" to the south. 
The Altamont moraine east of the Des Moines River constitutes most of 
the northeastern part of the county. The inner ridge region consists of a 
ridge of high to very high relief that extends from Fraser northeast into 
southern Hamilton County. The morainal ridge is obscured and dissected by 
the tributaries of the Des Moines River north of Fraser but becomes a prom¬ 
inent feature on the landscape to the northeast. Elevations are generally 
around 1150 feet to 1200 feet along most of the inner ridge, with the 
highest elevations being over 1250 feet near Ridgeport (Figure 21). 
Behind the inner ridge, relief decreases rapidly and a narrow band of 
interconnected depressions occur in Dodge Township (Figure 21). These have 
a gradient to the northeast, away from the Des Moines River. The elongate 
depressional area is dissected in Section 13 by Mineral Branch and bounded 
on the north and south by knobs over 30 feet high. The depressions grade 
into the low relief topography to the northeast behind the inner ridge. 
The elongate depressional area is apparent when viewed in a topographic 
profile (Figure 23). The locations of the profiles appear in Figure 22. 
Elevations behind the inner ridge tend to be substantially lower than those 
south of the Altamont moraine on the Bemis moraine, being as much as 100 
feet lower. 
The Squaw Creek salient is divided from north to south into three 
distinct zones of very high, high, and moderate relief (Figure 24). The 
moderate relief zone is bounded on the south by Montgomery Creek. Eleva¬ 
tions within it range from 1050 feet near Squaw Creek to 1170 feet near the 
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re 21. Altamont moraine east of the Des Moines River (Fraser Qu 
rangle). North at top; sections are 1 square mile 
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Des Moines River south of Ridgeport. The high relief zone to the north is 
discontinuous, occurring in central Dodge and west-central Harrison Town¬ 
ships but absent along the township boundary line. Elevations range from 
1000 feet near Squaw Creek to 1200 feet northeast of Fraser. The very high 
relief zone north of this is the southern extension of the Altamont inner 
ridge which bifurcate northeast of Ridgeport (Figures 21 and 24). The 
southern extension of very high relief topography ends approximately one 
mile west of the Squaw Creek valley. Elevations within this zone range 
from 1050 feet near Squaw Creek to over 1250 feet near Ridgeport. Behind 
the very high relief zone in Harrison Township, the Squaw Creek salient has 
moderate to high relief. Elevations on the salient generally increase from 
east to west and south to north. 
Three distinct levels or "steps” are apparent in topographic profiles 
of the Squaw Creek salient (Figure 23). The levels correspond to the 
moderate, high, and very high relief zones delineated on topographic maps 
(Figure 24). 
The Squaw Creek salient east of Squaw Creek is not well-expressed 
topographically in Boone County because of dissection and modification by 
streams. Small areas of very high, high, and moderate relief are present 
in the northeast corner of the county. 
The Altamont moraine west of the Des Moines River is characterized by 
a morainal ridge of moderate relief about one mile wide. The ridge is not 
clear on topographic maps of the area because of the 20-foot contour inter¬ 
val (Figure 25). Elevations range from 1100 feet to 1160 feet along the 
morainal ridge. Behind the ridge is a one-mile wide band of low relief 
which grades into very low relief topography northward. The very low 
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A - Altamont morainal ridge 
SS - stepped surface 
OP - outwash plain 
Figure 25. Western Boone County (Ogden Quadrangle). North is at top 
sections are 1 square mile • 
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relief topography extends into southern Webster County. Elevations gener¬ 
ally decrease 20-40 feet behind the morainal ridge, but they are up to 
60 feet higher than elevations on the Bemis surface to the south (Figures 
25 and 26). 
An area of low to very low relief lies between the Altamont morainal 
ridge and the Beaver Creek outwash plain (to be discussed later) in the 
western part of Boone County. This area is part of a "stepped surface" 
consisting of two levels. It can be traced across western Boone County by 
a greater intensity of stream-dissection than on the Bemis to the south and 
is approximately bounded on topographic maps between the 1050-foot and 
1140-foot contour lines (Figure 25). The stepped relationship in Boone 
County is not apparent on topographic maps because of the 20-foot contour 
interval. However, in Greene County to the west, the step-like rise of the 
surface from the well-developed outwash plain to the Altamont morainal 
ridge is clarified by the decreased stream-dissection and 10-foot contour 
interval of the Jefferson Quadrangle. The stepped surface is clearly seen 
in topographic profiles (Figure 26; refer to Figure 22 for location of 
profiles). Profile FF1 is located six miles west of the Boone-Green county 
line. 
Bemis moraine 
The Bemis moraine in Boone County is characterized by low and very low 
relief topography. Most of the eastern part of the county is classed as 
low relief. The western part of Boone County consists of low and very low 
relief topography with much of the area modified and dissected by Beaver 
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Creek and its tributaries. Local areas of moderate relief may occur on the 
Bemis moraine in Boone County but are widely scattered. 
The eastern half of Boone County is dominated by low relief. Linear 
ridges usually occur in zones of low relief (refer to Plate 2). They are 
not commonly found in zones of very low or moderate relief. This suggests 
that most of the linear ridges occurring in Boone County have between 
10 feet and 19 feet of relief. They range from 7 feet to 24 feet in Boone 
County. Linear ridges rarely appear on topographic maps, except in Jackson 
Township where contour lines cross normal to the ridge trend (Figure 27). 
A zone of very low relief occurs north of Sheldahl and east of Luther. 
This area corresponds to a depressional area recognized by a nondescript 
pattern of contour lines (Figure 28). 
A small area of moderate relief on the Bemis moraine occurs two miles 
northeast of Boone. It covers about one square mile and is surrounded by 
low relief topography and depressions. 
A large circular feature northeast of Madrid on the Bemis moraine 
occurs in an area of low relief and is evident on topographic maps because 
of its nearly 20-foot high rim (Figure 29). Till/gravel complexes coincide 
with the rim while depressional, lacustrine, and organic sediments occupy 
the central depression. There may be more circular features in this area, 
but stream-dissection has obscured most traces of them. 
The Bemis moraine in western Boone County is characterized by low and 
very low relief topography. Very low relief areas are dominated by depres¬ 
sions and include over half of the region west of the Des Moines River in 
Boone County. Low relief areas are dominated by linear ridges. Beaver 
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igure 27. Parallel linear ridge pattern in low relief zone in Jackson 
Township (Boone East Quadrangle). Linear ridge trend is NE-S 
north is at top; sections are 1 square mile 
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re 28. Very low relief area north of Sheldahl (Slater Quadrangle 
North is at top; sections are 1 square mile 
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D - central depression 
R - rim 
re 29. Circular feature northeast of Madrid in Garden Township (Luthe: 
Quadrangle). North is at top; sections are 1 square mile 
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Creek and its tributaries have dissected and modified a large portion of 
southwestern Boone County. 
Beaver Creek basin 
The Beaver Creek basin region south of the Altamont moraine is charac¬ 
terized by stream-dissected and low to very low relief topography. Relief 
is difficult to determine because of the 20-foot contour interval of the 
maps, but it is approximately 12 feet. Stream-dissected and stream- 
modified relief dominates much of southwestern Boone County because of the 
entrenchment of the streams and the anastomosing channels in the Beaver 
area (Figure 25). 
Stream valleys 
The Des Moines River and its tributaries create a 3-6 mile wide area 
of stream-dissected and stream-modified topography. On topographic maps, 
the break between the upland and ravine is sharp, but evidence of stream- 
modification may continue for a mile or two into the uplands. The width of 
the modern floodplain of the Des Moines River ranges from 1200 feet to 
2500 feet. Several terraces are apparent on the topographic maps along the 
river (Figure 30). 
All of the stream systems in Boone County have stream-dissected and 
stream-modified topography along them. Squaw, Beaver, Big, Bluff, 
Montgomery, Prairie, and Onion Creeks have large areas of stream-dissection 
along them. An area of stream-modified topography usually accompanies 
stream-dissected areas, bounding it on both sides and including the head¬ 
waters of the stream. Terraces are not usually evident on topographic 
maps, since they are less than 10 feet high if present at all. Hummocky 
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Figure 30. The Des Moines River in northern Boone County (Fraser Quad¬ 
rangle) . North is at top; sections are 1 square mile 
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knobs are present along the valley sides of Squaw Creek, giving the valley 
wall an irregular appearance (Figure 31). These hummocks are composed of 
till/gravel complexes and sand and gravel. 
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re 31. Knobs of sand and gravel (stippled pattern) along valley of 
Squaw Creek (Ames NW Quadrangle). North is at top; sections 
are 1 square mile 
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INTERPRETATIONS AND DISCUSSION 
Landform Associations 
The morainal systems in Boone County can be divided into different 
landform associations based upon similarities of landforms occurring within 
a region. These associations are referred to as "Altamont A," "Altamont 
B," "Bemis B," "stepped surface," and "outwash plain" (Figure 32). The 
landform associations were created to facilitate discussion of landforms 
and the glacial regime in which they formed. The landform associations 
proposed in this report are intended only for reference purposes and not 
for application to other areas on the Des Moines Lobe Drift Sheet or other 
glaciated regions. These landform associations will be discussed in detail 
in the following sections. In general the Altamont A landform association 
consists of hummocky knob and kettle topography. The Altamont B and 
Bemis B landform associations include linear ridges, circular features, and 
potholes (depressions). The stepped surface is relatively featureless and 
appears to be associated with the Altamont moraine. The outwash plain in 
the Beaver Creek basin consists of anastomosing channels of sand and 
gravel. Stream valleys consist of alluvial and some ice-contact deposits. 
Only the Des Moines Valley is shown in Figure 32. 
The boundaries of the landform association in Boone County are gener¬ 
alized because of the great diversity of landforms occurring side-by-side. 
For reasons that will become apparent in this section, this complexity of 
landforms causes the Des Moines Lobe Drift Sheet in Boone County not to 
comply with other glacial landform models that have been developed. One of 
these, Clayton and Moran’s (1974) model, was discussed earlier. They 
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proposed three landform suites that pertain to this study—the fringe 
suite, marginal suite, and transitional suite. 
Correlations between the landform associations proposed in this study 
and Clayton and Moran’s (1974) landform suites can be made on medium scale 
maps but not to a satisfactory degree on large scale maps, as were used in 
this study. On a medium scale (1:200,000, 1:500,000, or 1:1,000,000), the 
following correlation can be made: 
  Marginal suite Altamont A 
Altamont B 
Bemis B 
Transitional suite 
Stepped surface 
Outwash plain — 
— No suite correlation 
— Fringe suite 
This study was based on large scale maps (1:15,840 soil maps, 1:20,000 
aerial photographs, and 1:24,000 topographic maps), thus correlations made 
with the smaller scale seem to be oversimplified. The oversimplifications 
and correlations of the suites and associations will be discussed in each 
appropriate section. 
The term ,fend moraine” has been used to describe glacial features 
consisting of hummocky topography throughout the literature. This type of 
feature may result in a variety of ways, but all have been referred to as 
the same feature. It has become apparent that the term needs to be limited 
to a specific type of feature. Flint (1971) describes an ”end moraine” as 
”a ridgelike accumulation of drift built along any part of the margin of an 
active glacier” (p. 200). This definition is consistent with other defini¬ 
tions. The terms ’’ridgelike accumulation” and ’’margin of an active 
glacier” should be emphasized. Reference to Flint’s (1971) definition will 
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be made at appropriate times in the following discussion of the Altamont 
and Bemis moraines. 
Altamont moraine and stepped surface 
The Altamont moraine is divided into the Altamont A and Altamont B 
landform associations. The Altamont A east of the Des Moines River is 
subdivided into the inner ridge and Squaw Creek salient. The Altamont A 
west of the river consists of the morainal ridge and the stepped surface, 
but the stepped surface is treated as a separate entity. The similarities 
and differences are best interpreted by discussing each section of the 
Altamont separately. 
The inner ridge and Squaw Creek salient of the Altamont A landform 
association east of the Des Moines River are interpreted to be the result 
of ice stagnation associated with thick accumulations of superglacial 
drift. This area has been described as consisting of knob and kettle top¬ 
ography composed of stratified drift and till. Superglacial and englacial 
material, which comprises the stratified drift, was probably carried upward 
through the ice along shear planes. Material was exposed at the ice 
surface either by transportation along the shear planes or by ablation. As 
this material was reworked by meltwater, it was redeposited as sediment 
flows (till/gravel complexes, sand and gravel, etc.) in hollows on the ice 
surface, forming knob and kettle topography. Clayton and Moran (1974) 
have postulated that the thickness of the superglacial drift during degla¬ 
ciation is indicated by the relief of the resulting landforms. The 
moderate to very high relief of the Altamont A indicates that from 30 feet 
to over 80 feet of superglacial material was released during deglaciation. 
91 
It is not known to what extent subglacial deposition contributed to the 
formation of the Altamont moraine because of the lack of borehole and out¬ 
crop data. 
The various relief levels of the Squaw Creek salient are the results 
of varying amounts of drift accumulation from the stagnant ice. The very 
high relief zone represents the greatest amount of drift and the moderate 
relief zone represents the least. The uneven drift distribution associated 
with the Squaw Creek salient is well-preserved in the superimposition of 
superglacial debris on subglacially-derived linear ridges. These may be 
the result of one of two processes. The first is the squeezing of till 
into subglacial crevasses as described by Hoppe (1952), Gravenor and Kupsch 
(1959), and Goldthwait (1974) (Figure 33). The crevasses may have formed 
as the result of extensive flow during movement of the glacier. These 
remained open during deglaciation, providing the glacier was thin enough to 
prevent plastic flow of the ice. The crevasses filled with basal till and 
formed a ridge after ablation of the ice. The other process involves the 
incorporation of material along shear planes in the ice as described by 
Elson (1957), Gravenor and Kupsch (1959), Nielson (1970), and Clayton and 
Moran (1974) (Figure 34). Shear planes form as a result of compressive 
flow. As the ice ablated, the local accumulations of till along the shear 
planes was let down onto the material comprising the subglacial bed of the 
ice. If there was any debris in or on the ice above an area where one of 
these subglacial processes was occurring, it would be let down onto the 
linear features during deglaciation. A subglacial origin for linear ridges 
composed of till is favored in this report because of the superimposition 
of superglacial material on linear ridges in the salient region and the 
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33. Formation of linear ridges by subglacial squeeze mechani 
(modified from Gravenor and Kupsch, 1959, p. 59; after 
Hoppe, 1952) 
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i 34. Formation of linear ridges by deposition along shear plar 
ice (from Weertman, 1961, p. 967; after Bishop, 1957) 
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till composition of most of the ridges. Linear ridges formed supergla- 
cially would be composed of stratified drift. 
The lack of outwash along the Altamont A east of the Des Moines River 
may be explained by the presence of super-, en-, and subglacial drainage- 
ways. These are represented by blind drainageways behind the inner ridge, 
sand and gravel bodies, and Squaw Creek. Squaw Creek is the only major 
drainageway to flow through the Altamont in eastern Boone County and has 
knobs of stratified drift along its valley margins, characteristic of ice- 
walled meltwater channels (Parizek, 1969). 
Shear planes are formed in a glacier by compressive flow of that 
glacier. Compressive flow is created by either differences in the longitu¬ 
dinal velocity of the glacier or movement against a subglacial barrier. 
Comparison of the bedrock topography (Figure 8) and the landform associa¬ 
tions (Figure 32) reveals no correlation between the placement of the 
Altamont A and subglacial barriers. This is in disagreement with Palmquist 
and Connor (1978), who find a regional correlation between moraines and 
bedrock topographic highs. The influence of the pre-Cary drift surface 
cannot be evaluated because of the lack of suitable borehole data. 
However, the Bemis surface to the south rises in elevation from the Squaw 
Creek salient in east-central Boone County. This may suggest that the 
glacier stagnated or stabilized against a north-facing slope. 
The Altamont A landform association east of the Des Moines River is 
correlative to the marginal suite of Clayton and Moran (1974). This corre¬ 
lation is based upon the presence of hummocky knob and kettle topography, 
small circular features, and its formation near the margin of the glacier. 
However, the Altamont A generally lacks large circular features. 
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The Altamont A landform association east of the Des Moines River does 
not conform to Flint’s (1971) definition of an end moraine. It lacks 
conclusive evidence of an active ice front, such as an outwash plain or 
distinct morainal ridge. The Altamont in this region is the result of a 
stagnant ice mass. An ice front may have been present in the Montgomery 
and Prairie Creeks area, but it was not active. The boundary of the 
Altamont A in northeastern Boone County (Figure 32) is similar to Ruhe’s 
(1969) Altamont end moraine (Figure 5), except south of Ridgeport near the 
Des Moines River where discrepancies exist. 
The Altamont A landform association west of the Des Moines River is 
interpreted to be the result of ice stagnation. The moderate relief of the 
morainal ridge suggests that less superglacial material was available to 
form the ridge. This section of the Altamont is equivalent to Clayton and 
Moran’s (1974) marginal suite, except for the absence of large circular 
features. 
The stepped surface south of the Altamont A in western Boone County is 
interpreted to represent an ice margin. The position of the ice margin is 
inferred from the boundary between the stepped surface and the outwash 
plain along Beaver Creek to the south. The stepped surface is believed to 
have been produced subglacially under ice which was relatively free of 
englacial or superglacial debris, owing to the lack of stratified material. 
The stepped surface does not conform to Clayton and Moran’s (1974) landform 
suites. Its relationship to the Altamont morainal ridge and glacial margin 
suggests that it is part of the marginal suite, but the characteristic 
topography is not prevalent. 
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The Altamont A and stepped surface landform associations conform to 
Flint’s (1971) definition of an end moraine in that it constitutes a 
l!ridgelike accumulation of drift built along any part of the margin of an 
active glacier." The streams flowing through gaps in the morainal ridge 
and stepped surface without offset suggest that they may have been super- 
glacial drainageways and established their courses before the stagnation of 
the morainal ridge occurred. This stream pattern is indicative of end 
moraines formed by active ice as described by Flint (1971, pp. 201-202). 
The southern boundary of the Altamont moraine proposed in this report 
(Figure 32) conflicts with Ruhe’s Altamont end moraine (Figure 5). A 
portion of the Altamont A, Altamont B, stepped surface, and outwash plain 
landform associations are included in an area mapped by Ruhe (1969) as 
"Bemis ground moraine,11 a term reserved for nonpatterned areas. The cri¬ 
teria and the use of the term "ground moraine" are too general to be of any 
use in this study. 
The Altamont B landform association consists of both subglacial and 
superglacial landforms and deposits. Some of the linear ridges are com¬ 
posed of till and are interpreted as subglacial in origin (Figures 33 and 
34), whereas others are composed of stratified drift and are superglacial 
in origin (Figure 35) and have been described by a number of workers 
(Flint, 1928; Gravenor, 1955; Gravenor and Kupsch, 1959; Parizek, 1969). 
The isolated mounds and linear ridges composed of stratified drift are 
interpreted to be ice-contact ridges or other local accumulations of 
redeposited superglacial material. The large circular features of strati- 
field drift associated with lacustrine sediments are interpreted to be 
ice-walled lake deposits (Figure 36) as described by Parizek (1969). The 
97 
35. Formation of linear ridges by superglacial crevasse filling 
mechanism (modified from Gravenor and Kupsch, 1959, p. 57; 
after Flint, 1947) 
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50 
Moraine-Lake Plateau 
Kettle Lake 
0 100 ft. to 2 mi. 
Formation of a large circular feature (after Parizek, 196 
p. 66) 
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rim forms by material slumping off of the ice surface or squeezed from 
beneath into a large depression in the ice. Meltwater is ponded in the 
depression, and lacustrine sediments are deposited and held there after 
ablation of the ice by the circular feature’s rim. The smaller circular 
features form as the result of processes described by Clayton (1967) and 
others (Figure 37). Superglacial debris slides off of the ice surface into 
a sinkhole, insulating the underlying ice. Topographic inversion results 
through differential rates of melting, causing the material to slide off 
of the buried ice block. As the core melts, a central depression or 
"dimple" results. The size of the dimple depends on the size of the ice 
block and the mound of material. 
The Altamont B landform association cannot be closely correlated with 
the transitional suite of Clayton and Moran (1974). The occurrence of 
subglacial landforms of the transitional suite and superglacial landforms 
of the marginal suite indicates that, locally, the glacial ice had a large 
amount of debris in it above the base. This suggests that Clayton and 
Moran’s (1974) model of landform suites is oversimplified. The oversimpli¬ 
fication of the model should be taken into consideration in any glacial 
landform study it is applied to. 
The Altamont B landform association in Boone County (Figure 32) has 
been mapped by Ruhe (1969) as Altamont end moraine (Figure 4) on the pres¬ 
ence of "minor moraines" (linear features). This is not consistent with 
the definition of an end moraine (Flint, 1971). 
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Beaver Creek basin 
The Beaver Creek basin around the town of Beaver is interpreted to be 
an outwash plain because of sandy materials and anastomosing channel 
pattern which characterize the area. As previously noted, it adjoins the 
southern edge of the stepped surface, which represents the glacial margin 
associated with the Altamont moraine. This suggests that the sandy mate¬ 
rials along Beaver Creek and possibly Little Beaver Creek are outwash 
materials associated with the Altamont. The Beaver Creek outwash plain 
corresponds to Clayton and Moran’s (1974) fringe suite of outwash and 
meltwater channels. Outwash was not recognized in the Beaver Creek area by 
Ruhe (1969). 
Bemis moraine 
The Bemis moraine in Boone County is classified as the Bemis B land- 
form association. It is dominated by linear ridges of various orientations 
and composition and by local concentrations of circular features. 
Linear ridges composed of till have already been discussed in detail 
(p. 91 of this report, Figures 33 and 34), as have the linear ridges 
composed of stratified drift (p. 96 of this report, Figure 35). Transverse 
linear features may represent longitudinal subglacial features when 
composed of till or superglacial crevasse fillings when composed of strati¬ 
fied drift. The scalloped linear ridge patterns occuring along Frog, 
Squaw, and Big Creeks are thought to form in association with meltwater 
drainageways because of their associated sand and gravel complexes. This 
interpretation is similar to that of Elson (1957) who finds eskers along 
the junctions. Palmquist (1972) also notes this association elsewhere on 
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the Des Moines Lobe Drift Sheet. The origin of large circular features 
such as the one northeast of Madrid (Figure 36) and smaller features have 
already been discussed (Figure 37). 
The regional pattern of linear features in Boone County is parallel to 
the margin of the Des Moines Lobe Drift Sheet, sweeping from WNW-ESE in the 
western part of the county to NE-SW in the northeast (Plates 1 and 2). The 
pattern is similar to those mapped by Ruhe (1969) (Figure 38) and Foster 
(1969) (Figure 39), but local differences occur. These variations can be 
attributed to differences in the scale at which the linear features were 
mapped. Both Ruhe (1969) and Foster (1969) used aerial photograph mosaics 
at a scale of approximately 1:88,000, whereas 1:20,000 scale aerial photo¬ 
graphs were used in this study. Differences in orientation and density of 
linear features result from the mapping of exposed subsoil on steep side- 
slopes of knobs, ridges, and stream valleys in Ruhe’s and Foster’s work. 
The use of stereoscopic pairs of photographs in this report reduced the 
probability of making this type of error. The regional pattern and spacing 
of linear ridges that dominate the Bemis B landform association are most 
likely related to the stress field that existed in the Des Moines Lobe 
glacier at the time of deglaciation (Foster, 1969; Palmquist 1972), but 
their exact relationship has not yet been determined. 
The Bemis B landform association can generally be correlated with 
Clayton and Moran’s (1974) transitional suite. The dominance of the 
subglacially-formed linear ridges suggests that most of the till was 
incorporated into the basal zo'ne of the glacier. Local concentrations of 
superglacial landforms also occur in the Bemis B landform association. 
These represent areas debris-rich ice in the Des Moines Lobe glacier. The 
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Figure 38. "Minor moraine" pattern of Boone County by Ruhe (1969) 
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Figure 39. Lineation pattern of Boone County by Foster (1969) 
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mechanism forming these zones in ice that is generally free of debris is 
not understood at this time. The complexity of this landform association 
is not adequately accounted for in the Clayton and Moran (1974) model and 
indicates that the model is oversimplified. 
The Bemis B landform association in Boone County does not conform to 
the definition of an end moraine (Flint, 1971). In Boone County it does 
not constitute a "ridgelike accumulation," and knob and kettle topography 
is not prevalent. Since the Bemis B is located up to 40 miles from the 
margin of the Des Moines Lobe Drift Sheet, it does not represent the 
glacial margin either. Ruhe (1969) referred to the Bemis in Boone County 
as "Bemis end moraine," based upon the distribution and orientation of 
"minor moraines" (linear features). This is not consistent with the defi¬ 
nition of an end moraine as used in this study (Flint, 1971). 
Stream valleys 
Stream valleys in Boone County have formed either during the last 
glacial episode or after deglaciation. Some may represent a combination of 
the two. Those formed during glaciation represent glacial drainageways 
that existed as super-, en-, or subglacial channels and are characterized 
by having underfit streams, angular patterns, stratified drift along their 
margins, and are usually not coincident with bedrock channels. The valleys 
formed post-glacially have well-defined valley walls without the occurrence 
of stratified drift along them (i.e. Des Moines River) or have an angular 
pattern and appear to grow along depressions in the uplands. 
The first group of valleys represents meltwater drainageways. These 
valleys appear underfit since the streams that flow in them once carried 
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large amounts of meltwater. Stratified drift occurring along the margins 
of these valleys are interpreted to be ice-contact ridges, as described by 
Parizek (1969). The pronounced angular pattern displayed by these stream 
valleys may be the result of drainage lines which formed along crevasses or 
other zones of weakness in the stagnant ice. 
The second group of stream valleys may have two origins. The Des 
Moines River may have been a meltwater channel during deglaciation, but the 
ice-contact features indicative of this origin have been subsequently 
removed by erosion. The smaller, angular streams have formed post- 
glacially by eroding headward along depressions. The close relationship 
and angular pattern between the drainageways and depressions suggest a 
similar origin for the two. 
Modern drainageways and bedrock channels only coincide along the 
Des Moines River and part of Squaw Creek (Figure 40). Bedrock channels 
are generally masked by drift, and modern drainageways may cut across the 
bedrock channel, as in the cases of Beaver, Big, Bluff, and Worrell Creeks. 
This contradicts beliefs that streams in Boone County reoccupy their bed¬ 
rock channels after glaciations as suggested for other areas on the Des 
Moines Lobe Drift Sheet (Backsend, 1963; Schoell, 1967; Kent, 1969; Akhavi, 
1970). Lees (1914) and DeKoster et al. (1959) postulate that the Des 
Moines River has reoccupied its bedrock channel after each glaciation. The 
Des Moines River is the only stream in Boone County to be contained 
entirely within its bedrock valley and actually cross-cuts other bedrock 
channels. The relationships between the Des Moines River valley and other 
bedrock channels in Boone County indicate that it is younger than them and 
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Figure 40 Correlation of bedrock channels (stippled pattern) and modern 
drainage 
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;hat it may be a product of the modern stream, rather than formed pre- 
jlacially, as were the other bedrock channels in Boone County. 
<• 
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CONCLUSIONS 
Through the research performed in this study and others over the past 
years, it has become increasingly obvious that the deglaciation of the 
Des Moines Lobe was much more complicated than previously thought. The 
theory proposed by Ruhe and others of a classic advancing/retreating 
glacier was acceptable for the history of the Des Moines Lobe for the stage 
at which research in deglaciation was at that time. The recent past has 
seen many of these theories reevaluated because new data have caused the 
revision of many long—accepted models. This study is one of those revi¬ 
sions, utilizing research that has recently been developed. 
The study of glacial landforms and materials in Boone County, Iowa, 
has developed several new concepts concerning the deglaciation of this part 
of the Des Moines Lobe Drift Sheet. The conclusions are as follows. 
1. The glacial landforms in Boone County are the result of stagnation 
of ice which was relatively free of superglacial and englacial debris, 
except in the Altamont moraine region and scattered locations. 
2. The boundaries of the Altamont moraine in Boone County have been 
revised through detailed analyses and differ from those established by Ruhe 
(1969). The Altamont moraine now includes portions of Ruhe's (1969) "Bemis 
end moraine" and "Bemis ground moraine" both east and west of the Des 
Moines River. 
3. The revised Altamont moraine east of the Des Moines River in 
Boone County is the result of ice stagnation associated with moderate to 
thick accumulations of drift. It does not appear to represent an active 
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ice margin. Evidence of superglacial, englacial, and subglacial drainage- 
ways account for the lack of an outwash plain. 
4. The revised Altamont moraine west of the Des Moines River in Boone 
County may be the result of an active ice margin represented by the 
boundary between the stepped surface and outwash plain, which later 
stagnated. The morainal ridge of the Altamont A landform association 
represents the stagnation of ice with moderate amounts of drift associated 
with it. The stepped surface and outwash plain associated with the 
Altamont moraine in the western part of the county have not previously been 
noted in the literature. The stepped surface represents a glacial margin 
composed of ice that was relatively free of superglacial and englacial 
debris. 
5. The Bemis moraine in Boone County does not represent an end 
moraine as proposed by Ruhe (1969) and defined by Flint (1971). 
6. The Des Moines Lobe Drift Sheet does not suitably conform to 
Clayton and Moran’s (1974) landform model because of oversimplifications in 
their landform suites. Significant areas of stratified drift occurring in 
a region dominated by till suggest local concentrations of debris-rich ice 
in a glacier that was relatively free of debris. The mechanics for the 
occurrence of this phenomena are not understood and is not accounted for in 
Clayton and Moran’s (1974) model. 
7. Linear ridges are the result of subglacial and superglacial 
processes. Linear ridges formed subglacially are composed of till and may 
form through the squeezing of till into subglacial crevasses (Hoppe, 1952; 
Gravenor and Kupsch, 1959; Goldthwait, 1974) or by the incorporation of 
till along shear planes in the ice (Elson, 1957; Gravenor and Kupsch, 1959; 
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Clayton and Moran, 1974). Linear ridges formed superglacially are composed 
of stratified drift and may form through crevasse filling (Flint, 1928; 
Gravenor, 1955; Gravenor and Kupsch, 1959), accumulations on the ice 
surface, or other ice-contact situations (Parizek, 1969). 
8. Large circular features may result from superglacial sedimentation 
in ice-walled lakes (Parizek, 1969). Small circular features may result 
from superglacial deposition in sinkholes with subsequent inversion of 
topography and melting of the buried ice core (Gravenor, 1955; Clayton, 
1967; Parizek, 1969). 
9. Stream valleys in Boone County consist of two groups. The first 
group existed as meltwater drainageways during deglaciation and are under¬ 
fit, angular, and have stratified drift along them. The other group 
consists of those valleys which have formed postglacially through growth by 
headward erosion along depressions and may also be angular. Some valleys 
may be a combination of the two. 
10. The streams in Boone County, with the exceptions of the Des Moines 
River and part of Squaw Creek, do not occupy bedrock channels. This 
contradicts other reports claiming the reoccupation of bedrock channels by 
modern streams (Backsend, 1963; Schoell, 1967; Kent, 1969; Akhavi, 1970). 
11. The bedrock channel of the Des Moines River in Boone County has 
apparently been formed by the modern stream rather than preglacially as 
previously thought (Lees, 1914; DeKoster et al., 1959). This is suggested 
by its cross-cutting relationship with other bedrock channels and since it 
is the only stream in Boone County to be contained entirely within its 
bedrock channel. 
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SUGGESTIONS FOR FURTHER STUDY 
This study is a detailed description of the distribution of glacial 
landforms and materials in Boone County, Iowa, and suggests a possible 
model for the deglaciation of the region. Further research is needed 
before the exact mode of origin of the landforms (i.e. linear ridges, 
circular features, etc.) and landform associations (i.e. Altamont complex, 
stepped surface, Bemis complex) is known. It is hoped that this study has 
helped the reader to become aware of the need for reevaluation of the 
Des Moines Lobe Drift Sheet. Research that would assist in the study of 
deglaciation of the Des Moines Lobe Drift Sheet and the resultant landforms 
should include the following: 
1. An extensive borehole program on the Des Moines Lobe in order to 
determine: 
a. the thickness of the Cary drift. 
b. the pre-Cary topography. 
c. the stratigraphy of Quaternary deposits. 
d. the properties of materials (sedimentologic and geotechnical) 
underlying the Des Moines Lobe Drift Sheet. 
2. A detailed analysis of landforms such as linear ridges and circu¬ 
lar features so that their origins can be better interpreted. 
3. A thorough study of the Des Moines River and its valley to 
determine its development and role in the deglaciation of the Des Moines 
Lobe. 
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4. A continuation of study in Boone and adjacent counties on a large 
scale in order to unravel the complex glacial history of the Des Moines 
Lobe Drift Sheet. u 
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